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Silicon—based Organic/inorganic Hybrid Solar Cells

Liu, Ruiyuan  Sun, Baoquan™
(Institute of Functional Nano & Soft Materials (FUNSOM), Soochow University, Suzhou 215123)

Abstract Organic-inorganic hybrid solar cells display potential to be high efficiency and low cost photovoltaics due to
combined advantages of high stability, high mobility and well developed fabrication process from inorganic materials and the
properties to adjust organic molecule structure, absorption spectrum and bandgap from solution processable organics. Het-
erojunction photovoltaics formed by silicon and organics at low temperature has drawn great interests over past five years
and the reported highest power conversion efficiency (PCE) has achieved up to 13.8%. The emerging of nanotechnology
allows for silicon micro/nano structures including silicon nanowires, pyramids and nanocones with excellent light absorption
properties which can greatly reduce the consumption of silicon materials as well as the purity dependence. The micro/nano
structures also exhibit the advantages to offer larger junction area and more effective separation pathways for charge carriers.
It is noticeable that silicon nanowire-based flexible hybrid solar cells with tens of micrometers silicon substrate thickness
have achieved the PCE of above 12% adopting the most popular commercialized conjugated polymer
poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate) (PEDOT:PSS). With the rapid developments of new organic mate-
rials and interface engineering methods, different kinds of organic-silicon hybrid solar cells has been reported and shown
superior photovoltaic characteristics. The adopted organics include PEDOT:PSS, poly(3-hexylthiophene) (P3HT),
2,2'.7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirobifluorene (Spiro-OMeTAD), poly(3-octylthiophene) (P30T),
fullerene derivative and so on. This paper reviews the device structures of silicon-based hybrid solar cells, working mecha-
nism and related organic molecular. The hybrid heterojunction with different materials and fabrication processes has been
discussed. The last section summarizes the method used to improve the performance of the hybrid solar cells and depicts the
challenges and prospects of the silicon-based hybrid solar cells in the near future.

Keywords silicon structures; organics; solution spin-coating process; optimization of interface; hybrid heterojunction
solar cells

1 5|18

b 55 RE VR S AL PN R RN PR35 () 8 ) H ™ =, KRH
ReCLAsIE T & EBURIT 2 6E. A 1954 E3EE I
IR SEE6 SRR H SR — AR K BHBE RV LK, 2t B+4F
(RRIE T 2, SRR AR 22 it ek O P R FRL T IR B B o
ZIRE T 18%~25%, XIS HIh X AR N —UKBHRE

* E-mail: bqsun@suda.edu.cn; Tel.: 0086-0512-65880951
Received October 9, 2014; published February 2, 2015.

HVth. 55 AR BH BE & 3 T -V Sk, HERER
HIG R TG 52 FEREE P TR B B PR, e O IR %
Bl 20%M. mEFOKPHAE I R LA T2, &
SR, A R R AR PEATEEE S 1 SRR
T 80%LA I KBHBETT A 0. 1 5 — AR BH e FL it U
TR B BRI A K FHRE L, WS 2 KPHEE

Project supported by the National Basic Research Program of China (973 Program) (No. 2012CB932402), the National Natural Science Foundation of China
(Nos. 61176057, 91123005, 60976050), and the Priority Academic Program Development of Jiangsu Higher Education Institutions.
T H 52 [E 5% 973 FRIHE 73 H (No. 2012CB932402). [H 5% [ 4R FH# 3 4 (Nos. 61176057, 91123005, 60976050)F1L ik e R It 34 2 AR it ¥ T FE % Bhsi B

BEh.

Acta Chim. Sinica 2015, 73, 225—236 © 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 225



oF ¥ R

b, AL BH B L A HL-TE ML 4% Ak K BH B Rt 25
o 4 T 37 2 5 1 B e R RN 22 R KB i R B AR H R
R AR RTL, {ELE ke 4 1 7 SR RN A 2 1 4%
IFE AT B AT, BR#1 T 35 Ky i S
1986 4E, Tang il 158 —ANAHIAKPHAE M, B
SRAUE A 0.95%, (HFFE] T FIFA L SRR
K BHAEFE AN L RE R ST, B LA BH A8 HL b & DURR AR B
SEERT R B DU A SR BRI HL AR R 4k, BT
W LU S AR, SR p-BYgh k. DRI A i
AR, T B T RSB BT 3 3k 2R DA RT LA
Ttk LI SRR, A LK PH A Bith L8 N
TH KA M EE &, Al EREHE&%
U8 H, Hulpgimmierx e 10%°. HE2EH
T REWARVN Y F 12 LK BH e i B 77 76 FL

W2 T GER M & LLEUIS, O T A HLRBH A8 H it B
PR B ZERRAG. 7R3 VE 2 B 7R R AP 5 5
FAE BN T TE 8 RS2 AR T 72 AR — AN BELRS L Amr A 28K
e A AR, AV SR B R
W HH 5~20 nm, 1SS EER DB B 7T 3
BEHOK, BICA R T (15 B 52 BB S2ma, 351H
E W ERKEEWRZ 2] 7RG BRitz 4h, AHLUKPHAEH
b P R R A ) 20 R R g B R IR R L

BRI B A TEN L SRR R R A I S A, TR A
KATE 10° cm?/(Ves) i J (n-Si B TIEFE R KLHN
1350 cm®/(Ves)), i A HL ¥ S HA 10 °~10
cm?/(Ves). Al TEHLF T A i 4% (0 2% R e B AR v,
VP2 B AR BH R I AR ) B arrTak 20 4FRL B &
FRERPHRE I R R m A T R E R 2 — =2 E 4R
MRS AL 2SR % T2, 2B T 21 50%F14)
25% AR AP A 45 ik K B R B th oAy 1 SR B v AR
(AT 2 B, TR AR RIE A pn 45, 45K
TR IE I B TN K B A B R S, A
HIRE T ERL 1000 CHIER. AH-THLAL KB
R HLth AT DAZE G X AN R PRI R, BERT DRI TE
FLMP R e e 1, 8 7 1T 8 26 A0 R 2 1 1) 46 T
2, [EIH ] DU A VA R 1 S i i m] 280, R
FEREMR S DA J A 2 R, DA K (8 R v R R 2. 5
Ab, I iR B KR I FE T B A AL JE ML 45 B
REMRIALIALRE, PRARRCAR, (R SCkE G 1 i g R X 45 X
AT SR, EE BT DASRAS AT W ()0 FEL G 4 0.

1990 NN EE T 22BE (1) Lewis BAZHTE n BUEE
(n-Si) b e ¥k 73 B 0 3R Ak AR - 36 DY 2 2 (poly-
(CHs);Si-cyclooctatetraene), F H F 5 2 T B 1 &
A 22 KFHAE R, 7B T n-Si/4& )8 MR R a1k
e L) A 2002 450 AR JE N 37K 2R TR 4
B Alivisatos 4 &8 4 B F2 5 X Hh ik 18 1 4% 16 1k 5%
(CdSe) g K MILFIR S ER 3-C AN (P3HT) LR
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il & AR FHAE I I IRTT T L7% M) AE B R 2
Ja, ALK B B BT 46 51 & 1 T 2 R,
BICHRE A5 B4 4400 1R,

2 mEEANUEHKPRRER

TEAE sk B EAE —ORHT R, DA R 2%
AR BHBE IR 5] 1) 2 B ORVE. 786 1 1 Re i 2 1
T, RG4-W L A FEMEW) -5 (R LIRTER ) (poly(3,4-
ethylenedioxythiophene):poly(stylenesulfonate), PEDOT:
PSS), % 3-CLEMEN) (poly(3-hexylthiophene), P3HT), &
3-% FBEWy (poly(3-octylthiophene), P30T), %
(2-methhoxy-5-(2-ethylhexyloxy)-1,4-pheneylenevinylene)
(PEH-PPV), /N3 2,2',7,7'-Tetrakis-(N,N-di-4-meth-
oxyphenylamino)-9,9'-spirobifluorene (Spiro-OMeTAD)%%
p-MA BT LL S n-Si JERR A HL TR, 8=
PIETTAY)(PCBM)SE n- A B S p-Si Bl IF &5l
T, REHHYIK > TEE R ImE 2 B, BT A
A, TR AT DR AR AR B AR I BR 9K A A 0 S5 T
JE T 4.

SEGHEE pn ZOKHRE MBI, BEEREEH-T
BUZ AR BH AE it AR S A2 0 9 JLAS B 3R Gk
s SEAR BT (AT B ARG DGR BOR RS
X7 B AT AR . DL Bl ) - P A Bl
YIZACK B BE B OB, o Re B T2 A IOt
TR (BRE RER), 7R AE TO. AHL
ARETE R — NS X, P AEAE S A O B Vi F D6 A
BT BRI A X, ERRER @, BT
1E n-BL RARAL Y n-SiyH AL F BB T, 2 IAE p-
R AR AR R R P (B 1 FR). BIORRLE %
K AR B RS IR D R OB, A5 sl 8, T RIBER
R BHARADRER F e Th R ) < el AR A<, PR A%
B X, REAEDGIR R P AR B T, AN RS X
A% G AT, P ARSI T2 T A ) 23 B AR A S A
EEAHURFHRE M B . R T R e, A
R, GG H AL BT, R B3R
R AR KA R BB LA e R REA 1A W B O 3
Uk, T HUABHBE B,

JH - T R ATL A 1 28 PO 4% A O I R R Tt B 2R 1
e ] B0, AEL P TR v ) SO R (~ 35 %) i 4 LTt )
P VA28 2 {1 T B it P R BH i P, oK R 1) T R
J&, ZRACORBH BE AT SR 1 BT AR AR T A3 ). feEgh
RERE D, REGURALI IR, R 4 BT g g B AR
SRAIBEGRE ST, TUTH oK EE S AT AR SO 24 T i
TEE LA oK R BE R, T BRI T RO RERD R, X
TR A B EEAE R, R R R, X
45 25 DX R T AR R RS In, 4R & 1 B0 T 12 B Ak
R ARIAZA N TR A A K BH A B R E R S5 4 70
TR A AN AR P 7y, S R A% A R B RE L It
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Figure 1 Basic structure of a silicon based hybrid solar cell (left) and scheme of the operating principles (right)
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Figure 2 The molecule structures of the organics used in organic-silicon hybrid solar cell
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FULE fh i K BH Ag FIBIRSR R R 1) 1990 4FAX, i
PTG Lewis VR AUH & 1 5 FH 21 DY 25/
n-fif (poly-(CH;);Si-cyclooctatetraene/n-Si) 4% £k, A FH &
W, HBURSB R EYZ EH & Bl RoR T e S
4 J /- K B A FL T B e R B R (L 3 B!l
4 A RN 2 ik 1) S THD BB T AE A/ R AR A S OB, AR
R B, KA. fEREM SR I S i B
W B A& E R, ST ENTRER SRR, (115
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TAHYFNGEE 1) B AR A AR AR, RUERE/A
B FE 1 Ak PR 28R 401 2k T LT mT L2, R & AR Ab
BT 1%~ 5% 056 B RR.

TIVEZ G, AHL/ITEHLK A fe H b IF 46 R AR
M RAFA ] &5 ) 2G| T T Z oy, o —1R
HIRBHRE L 2 —. AT A [F A HL42)(PEDOT PSS,
P3HT, P30T, Spiro-OMeTAD, PCBM %5) N ] %) i 5 2%
e, I EH A ML PR e DL /A WL S gk AT T
KEWEA, [FIE 24 T 2R Wt (51, HiRk),
AR TR EGE IR 1 F15 2).
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Table 1 Photovoltaic properties of planar silicon-based hybrid solar cell

Device Structure Area/mm? Jo/(mAscm ?) Vo V FF PCE/% Year Ref.
Au/p-MgPc/n-Si/In 95 3.76 0.35 0.40 1.05 2000 20
Au/NiPc/p-Si/Al 25 12.39 0.32 0.28 1.11 2005 22
Au/TPP/n-Si/Al 25 2.76 0.25 0.37 2.45 2005 23
Pd/n-Si/i-Si/i-Si:H(a)/PEDOT:PSS/ITO/Glass — 4.55 0.883 0.51 2.1 2005 21
Au/PANI/n-Si/Al — 17 0.51 0.41 3.55 2007 30
Pd/Ag/EPDOT:PSS/P3HT/n-Si/Al 3.1 29 0.59 0.59 10.1 2011 24
Ag/PEDOT:PSS-Zonyl/n-Si/Al 25 29.20 0.541 0.718 11.34 2012 26
Ag/PEDOT:PSS-Mo00O;/n-Si/In:Ga 25 29.4 0.552 0.683 11.01 2013 32
LiF/PCBM/i-Si/p-Si/FTO/Glass — 15.94 0.81 0.64 8.34 2013 31
Ag/PEDOT:PSS/n-Si/Lig/Al 80 28.3 0.609 0.71 12.2 2014 28
Au/PEDOT:PSS/n-Si/In:Ga 81.0 29.6 0.619 0.69 12.6 2014 37
Ag/PEDOT:PSS-EG/n-Si/Al 36 32.6 0.564 0.724 13.3 2014 35
Ag/MoOs/PEDOT:PSS/n-Si/Ligq/Al 80 29.2 0.630 0.749 13.8 2014 29
——————— 0.88 V [IFIKHLIE, 0.51 HHFEA T LA K 2.55 mA/cm?
osf g@ - B JE % AL, BT 2 1% MR, (EXT & 2 R T AT
ol Lo WA G, MATRA T BAe L, K PEDOT:PSS fE
& M a-Si:H AHAR - S48, RS AT RRLI N 1.7 eV,
< | N -
E o2 WF 50T LA 380 11 v T B PR R IR, T T R 2R
= y " " N N 3
E“' [ Soh-(CHy), SkCOv - PSS 520, 2R Ak DL S FEIR Z 1 58 B 55 1) /i A
% ¥ K. [FA4E, Abd-El-Rahman 25418 7 Fk#42(NiPc)/n-Si
goop [/ e——— N . YOO
3 SER I Ak K A g LI, NiPe FH PRI Bk 3L |,
s HRMAT 100 CTFiB.k2 h L E, 7£6 mW/iem? A%
o2k ; RS O AR 1.11%%, 2 J57E n-Si _F ks

-0.6 05 04 03 02 -01 0.0
Voltage

B 3 - B B2 DY S J - fik (B2 4R ) R 4 /n-HE (R 42) K BH A6 HL b 7E
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Figure 3 J-V  characteristics of the hybrid poly-(CH;);Si-

cyclooctatetraene/n-Si hybrid solar cell and a Si/Au MS solar cell under
illumination and in the dark®

3.1 FEAEEZUKPAGER B REAAR

2000 4, Riad FIJ FH #2817 ¥5AE n-Si EUUR 7 —
2 p-BU IR B (p-MgPe)JE i 7 R 45 2, B8 Rl &
Hl - R ER ST MgPe FL AL 34 22 X3, IF B
1E 50 mW/em? Ye3 N 633 nm FAEOGRES, AT
0.35 V FFEHIE, 3.57 mA/om® HEVRFT 1.05%[11 3505120,
ZAEIRAER) T 2.2X 10" em ™ B9 H B ER TR E R 75
nm {322 55 . 2005 4F, Jabbour 254/ [ p-i-n HL B A HE
=, 8 p-BU a-SiC:H:B JE#ieiRE WL PEDOT:
PSSP il 4 7 I A4 LK BH A I (AT 4 FTOR). AT
¥hn PEDOT:PSS ()5, AT N T Him, L
W E A RO S N I = AR, SRR EERE ITO 2K b, 78
110 nm I KZIH 2.5 kQ/sq KB ERHLFE, R 55
B FRFEBE B s R b o TR TG 2 B RE a-SicH, £ dnkE
uc-Si(i), pe-Si(n) L J HARAL(PA). % b= T ik
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T R DU E R (TPP) MR IR it TCVA, 0 2%
PESYBIFEAE T 2.45%80 3.1% )4 3R 12

B AR I 8 2 A O B A LB IO R R B AR OK
Rk, (HR A NL-TCHLI & 72 DA a5 AR
Kk, AR KRB A% T2 IF R o LLE 244 K BH
RE FELV ) R SR THIT R 7 B L. R A K 28R
TPP 5 45 I M A3 2 7 o WA B B R, (H2 T ix
ST LA A T P RN 45 B P LETE ML Sk = T LN B
B, HH BN T2 MEE TR, PLEIE
W FHRERB B, TE881F 1 66 AR i % B i A 3B 7 [A]
T E. @diEUERRE, 2B SRREYS
EHENY S gy BB, 24l ik i P3HT Al
PEDOT:PSS, HAMFHHZAOGZERE. A X
PEEEE N, 2 REAH LS Hl & TR 10%H)
i 3 A2 ALK BH A L 2 H AT RS 1 T RE B
AR O AIAH) 13.8%),

2007 4E, Wang 257F n-Si b ik 7 5 24 A
HL SR IR IR HL(PANT), RICUHEB I HE S RE 107
S/em VAN, 6 HL R 52 1 ) R B PR ), BB H
SEE) BT TR Nt @ E S T SR W, PANI
WAL 0.7 V BLEMITFES IR, JLF R PSR
JFi 45 H it (Heterojunction with Intrinsic Thin Layer, HIT)
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Table 2 Photovoltaic properties of micro/nano structure-based silicon based hybrid solar cell
Device Structure Area/mm’ Ji/(mA<cm %) Vo V FF PCE/% Year Ref.
ITO/PEDOT:PSS/SiNWs — 19.28 0.47 0.61 5.09 2010 45
ITO/PEDOT:PSS/SiNWs/Al — 21.6 0.46 0.64 6.35 2011 46
Ag/PEDOT:PSS/SiNWs/Al 100 26.3 0.53 0.642 9.0 2011 47
Ag/Cu/PEDOT:PSS/Cu/spiro-OMeTAD
- 80 313 0.527 0.588 9.7 2011 48
/SiNWs/In:Ga
Ag/Spiro-OMeTAD/SiNWs/Al 95 30.72 0.57 0.724 9.92 2012 50
Ag/PEDOT:PSS/SiNWs/Si Pyramid/Al 100 31.4 0.53 0.593 9.9 2012 66
ITO/PEDOT:PSS/SiNP/AL,O3/Ni/Ag 100 30.1 0.578 0.71 10.56 2013 52
Ag/PEDOT:PSS/SiNWs/Si Pyramid/Al — 34.46 0.52 0.64 11.48 2013 27
Ag/PEDOT:PSS/TAPC/SiNWs/Al 25 34.76 0.54 0.695 13.01 2013 53
Ag/PEDOT:PSS/Si Nanotube/Al 100 29.9 0.51 0.657 10.03 2014 67
Au/PEDOT:PSS/Si Nanocone/Al — 29.6 0.55 0.677 11.1 2012 25
AgNW/PEDOT:PSS/Si Pyramid/Al — 28.5 0.53 0.669 10.1 2012 63
Ag/PEDOT:PSS/Si Pyramids/Al 400 32.5 0.48 0.696 10.86 2013 64
Au/P30OT:-MWNTs/SiNWs/Al — 7.85 0.353 0.22 0.61 2009 56
ITO/PEDOT:PSS/P3HT:PCBM:SiNWs/Al 15 11.61 0.425 0.39 1.91 2009 58
Cu/P3HT:Pt/SiNWs/Ga:In 30 26.2 0.421 0.53 5.9 2011 60
ITO/PEDOT:PSS/Si NCs:P3HT/Al — 33 0.75 0.46 1.15 2008 68
ITO/Si NCs:PTB7/PEDOT:PSS/Al 4.6 9.97 0.579 0.389 2.25 2014 70
8
6 —
Metal %
pe-Si (n) § 4+
. <
pe-Si () £,
‘@
S dark
20
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o
3 -
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glass
-6 T T T T
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Figure 4 Device structure (left) and J-¥ characteristics (right) of a Pd/n-Si/i-Si/i-Si:H(a)/PEDOT:PSS/ITO/Glass thin film hybrid solar cell®'!

(T 5% L R ARAEL AR 24, %88 4E7E 0.1 W/em® Jefl| R4
T0.51 VHIFEEHLE, 17 mA/em® FAE B LR, &R0
N 3.35%. HLIRUAFG T DA AT AR HE KR S 32 2
T35 T PANI AR R T2, ReM A S L5 7T,
(EF PSSl %H%J’Jﬁ%ﬁéﬁﬁm, SO [ i PR PR 23K
Ribgez, Stk ad i, BrbERRE T A

(41%).
SFAENIME, R R, R RET
IE@E%DE%AZB’JW/AL¥LI%% B R X e A ()
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AT R e o5 B 5 T EUIE RE 2 (HOMO) RTEE A7y 2 (1]
E’Jééﬁzvﬁiﬁzd\ PN AR 22, DLIUIS BE
HIHLIRL; (Q)FHBAKAK 57 FHUE(LUMO)RE g A 1 3
W2 I R R, LA A B R % FL . P3HT K1
T3 /2 X B 2614, H: HOMO AT LUMO 43514 5.1 eV Al
3.2 eV, MR (E)RITH(E) 537 5.17 eV F14.05
eV. DAL EIZEREA P3HT KA TH L, E, A1 LUMO Z1H
Z1°5 0.8 eV, E, il HOMO JLFA14. [FIEf P3HT [
TR EATIEFIZ) 107 em®/(Ves). fEEESL T %400
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2 Jii, Sturm 2PN AR EAT T ARAR, TEHELR 10 nm [
P3HT 2 J5, £ LR T 80 nm J£¥) PEDOT:
PSS LU AT USEE, PEDOT:PSS HL T % AR
A DLIUAR S B i, H2 R AT A% 1 E0 0T DAARAIE
&R ML BT S A s ME, 2 5 A LA T
Pd/Ag MR, BHREIIGE AN B bR 254 B AL M8 45 1% 2%
4 B 2 R B T RBEAE 9 10.1%, 29 mA/em? [R5 1% FEL IR
AUAV e RE AR IR B3R 42 mA/em?® 720 30%(H1El 5 Ffizw).
Kim 255U 7 28000 BB, ¥ PCBM HIAEZS XBH Y
2, 16 p-BunE B T 2L RBHfE R, FEA3E] 8.34%
(25 . IR LA WL/ T THI R FE b ) 8 1 485 ) B B A
Refrdk | HHT T 4.
3.2 MZ{LKPREEE A PEDOT:PSS B 45T
AW/ LENLZALKBARE I, N TR &1
TR EIR, DAERER ISR B NS, P3HT B &
AR RE T S5 4, (ER AR ] W R LA X e — e
IR, HLEEE JE B 3G i 3G n, S 20 B i a
REPEARRIRZ I, H 852 JE M 57— R R
WAL FEHE S s B -5 PEDOT PSS ELA 1R R AL AN
FEAE, TERT WG XS LA RO, R A R4
1S AR e, BRI AT TR B, A L o B
M SRR, T EIIASNE, L2k
B F o L S, o, DheR B R A a1
PEfE. 2012 4, Shirai 257F PEDOT:PSS 5N T &
RIETEPER] Zonly®®), 3658 7AW E S HRE
PRERE 7, FAR T AR BT E A, 537 11.34%1)
B RCE. AR T AE PEDOT:PSS H#52% MoO;
A DB 4 T 45 /02, T 92 v 465 R 2 T RO 2%
R, T 11.01%M 0%, RSB R\ EFBEN
9.89%. Sun M ZEAE PEDOT:PSS HsN T — 4%
(BT R A PRIF™ I & 2 15 o 79 51 J3 ok
PEDOT:PSS Tk %, Miidem 17 Wiy, FIE TR
MR TEAEE, 537 70%FHE K F. Bashouti
SIS T PEDOT:PSS (A% 72 45K95%, A NANE

10% Ag/Pd Grid
(250/15 nm) \

(80 nm)

PSS S TSI 7 BA — E A 224E ), 5o E|
JHEFEL 1) S R PR R P % L, B REER I DMISO - A
B2 &0 PSS, {75 PEDOT:PSS wJ LLHE 4 b/
TEWEFIA, AT B v FL I ) 3R A& Re /1. Sun 5§
) ) P AEK 5 6 e BN v o e B ) — 4k CoSPY, I i Y
CoS TEMMEH MITESHRIRIE, FART MR A 8%,
L 2 83T 11%. Thomas 25517 PEDOT:PSS H [ I}
W T 2 WE(EG) A3 5 2 1 22 1 7 M 570 (FS300), i
i = ik 22 55 BE R BL PEDOT:PSS AR FL T Ab fr
REIE BT — A PRAR B, [0 B B %) o B Pl BEL AR R K
FRAR, ROTZME —x TR, 15PN R AR
FHEEHME F155) T 32.6 mA/ecm?® (558 R, LK miik
13.3% A0 2.
3.3 %t SI/PEDOT:PSS Z:{k &PR&E
itk

PEDOT:PSS i # #AE N —Fh &8 1 Sk,
H SRR B 45— R U 8 T B R 2R 45, Cahen
DOV 38 3 5 A ()W DR 45 24 9 B8 1) m RO 1) 5% 4%
AR BHRE FEth, 9B T2 B IR Bl S 2 e P i
Y, 5HRFRENNIEARE. T A Zas e T —F
AL p-n £ A K BH BE FL B (Inversion Layer Solar
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Figure 5 Device structure (left) and J-¥ characteristics (right) of a Pd/Ag/EPDOT:PSS/P3HT/n-Si/Al hybrid solar cell**!
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Figure 8 (a) Device structure, (b) Cross-section SEM image of the PEDOT:PSS coated SINW, (c) TEM image of the PEDOT:PSS coated SiNW, (d) J-V

characteristics of a core-shell SINW/PEDOT:PSS hybrid cell**)
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Figure 11 Schematic of hybrid SiINWs/P3HT:PCBM solar cell™®®
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Figure 12 SEM images of SiNWs on pyramids?”!
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